Objective. To examine factors associated with 0-to 7-day admission after outpatient surgery in high-volume specialties: general surgery, orthopedics, urology, ear/nose/ throat, and podiatry. Study Design. We calculated rates and assessed diagnosis codes for 0-to 7-day admission after outpatient surgery for Centers for Medicare and Medicaid Services (CMS) and Veterans Health Administration (VA) dually enrolled patients age 65 and older. We also estimated separate multilevel logistic regression models to compare patient, procedure, and facility characteristics associated with postoperative admission. Data Collection. 2011-2013 surgical encounter data from the VA Corporate Data Warehouse; geographic data from the Area Health Resources File; CMS enrollment and hospital admission data. Principal Findings. Among 63,585 outpatient surgeries in 124 facilities, 0-to 7-day admission rates ranged from 5 percent (podiatry) to 28 percent (urology); nearly 66 percent of the admissions occurred on the day of surgery. Only 97 admissions were detected in the CMS data (1 percent). Surgical complications were diagnosed in 4 percent of admissions. Procedure complexity, measured by relative value units or anesthesia risk score, was associated with admission across all specialties. Conclusion. As many as 20 percent of VA outpatient surgeries result in an admission. Complex procedures are more likely to be followed by admission, but more evidence is required to determine how many of these reflect potential safety or quality problems.
the overall impact on the health care system may be greater. For instance, in the last several years 70 percent of CMS-financed surgeries and 80 percent of VA surgeries were performed as outpatient surgeries (Cullen, Hall, and Golosinskiy 2009 ; Department of Veterans Affairs 2011). Given the healthier patient population and the lower procedure complexity associated with outpatient surgery, a postoperative admission may signal a potential safety issue (Hollingsworth et al. 2012; Fox et al. 2014) . In recognition of these studies, the CMS postoperative 0-to 7-day admission measure was explicitly designed to "improve transparency, inform patients and providers, and foster quality improvement" (CMS 2016) . Little is known, however, as to whether these postoperative admissions reflect potential patient safety or quality problems related to the outpatient surgery or routine observation stays to determine further treatment.
Without a better understanding of admissions after outpatient surgery, including the proportion of admissions likely related to quality issues, efforts to improve the safety of outpatient surgical care will be held back. One approach to reducing admissions is to perform inpatient, rather than outpatient, surgery on high-risk patients; there are currently few criteria to determine which patients and procedures can be performed safely as outpatient surgery. This study addresses this significant gap in the literature by comprehensively evaluating outpatient surgeries across selected high-volume surgical specialties in the VA. In addition, our work expands on both the CMS 7-day admissions after outpatient surgery measure and the VASQIP/ACS-NSQIP 0-to 14-day admission measure by comparing patient, procedure, and facility characteristics associated with postoperative admission by surgical specialty. Additionally, we examined patients aged 65 and older and dually enrolled in both CMS and VA to ensure that we captured admissions that occurred both inside and outside the VA health care system. This article will be helpful in informing future quality measurement and patient safety improvement for outpatient surgery.
METHODS
We conducted a retrospective study of VA outpatient surgeries from October 1, 2011, to December 17, 2013, occurring in one of VA's 109 surgical inpatient facilities or 20 ASCs. Our work was guided by a previously developed conceptual framework of patient, procedure, and facility characteristics associated with adverse outcomes following outpatient surgery (Donabedian 1980; Freundlich and Kheterpal 2011; Mull et al. 2017) . These characteristics include
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patient's comorbidities and prior health care utilization, procedure relative value unit (RVU), and facility location, among other factors. The local Institutional Review Board approved this study.
Data Sources
Several sources were used to obtain the primary and secondary variables for our analysis. 
Study Population
To identify outpatient surgeries from VA outpatient encounter data, we aggregated all of the CPT codes from each unique encounter (based on patient identifier, procedure date/time, clinic name, and facility) and calculated the associated CMS procedure RVU (CMS 2013). We labeled the highest RVU CPT as the principal CPT for the surgery. Next, we eliminated possible office-based procedures that did not meet the standard of "surgery" by applying the Agency for Healthcare Research and Quality (AHRQ)'s Healthcare Cost and Utilization Program (HCUP)'s 2014 Surgery Flag Software. We used the principal CPT to identify cases that matched the "narrow" definition of outpatient surgery: "involving incision, excision, manipulation, or suturing of tissue that penetrates or breaks the skin" (Healthcare Cost and Utilization Project [HCUP] 2015b).
As the AHRQ surgery flags were intended to identify surgeries regardless of setting of care, we further refined our definition of outpatient surgery in order to exclude any potentially miscoded inpatient surgical admissions from the CDW's outpatient encounter data. Preoperative care provided on the day of a planned surgical admission is rarely listed in the outpatient encounter data; in general, the admission date/time is recorded after the operation date/ time. To eliminate inpatient surgeries miscoded in the outpatient CDW table, we first excluded CPT codes on the 2014 CMS hospital outpatient department or ASC nonbillable lists (CMS 2014b) and secondly excluded CPT codes classified by the VA NSO as inpatient-only in fiscal year 2014 (CMS 2014a; VA NSO 2015) . The final list of CPT codes is available from the authors.
Lastly, we cleaned our data to ensure cases were not extreme outliers and there was sufficient patient information to complete our analyses (see Figure 1 for a list of steps) .
Variables
Patient Characteristics. Based on our conceptual framework, we identified patient demographic, socioeconomic, access to care, and comorbid diagnosis variables potentially associated with postoperative admissions. We created dichotomous variables for sex, marital status, and minority race (African American, American Indian, Asian/Pacific Islander, mixed race). We used FY12 area-level per capita income based on the VA-recorded patient ZIP code at the time of the surgery as a proxy for socioeconomic status, and patient's geographic distance to the nearest VA hospital and FY12 area-level hospital bed supply, also based on the patient's ZIP code, to assess patient's access to care. We calculated individual patient comorbidities and a weighted comorbidity score associated with readmissions from patients' visits and admissions during the 12 months prior to the qualifying outpatient surgery using the AHRQ comorbidity software (Elixhauser et al. 1998; Moore et al. 2017) . We also derived prior utilization variables: (1) number of outpatient visits during the 6 months prior to surgery and (2) one or more hospitalizations in the same period (yes/no). For continuous data (e.g., patient age, area-level per capita income and hospital bed supply, distance to VA hospital, 6-month prior outpatient visits, and readmission score), we calculated quintiles. These were turned into dichotomous variables; we used the lowest quintile as the omitted category in our predictive model.
Procedure Characteristics. We characterized procedures using the RVU calculated for the principal CPT code, transformed into quintiles as described above. We created a dichotomous variable for the clinician-determined American Society of Anesthesia (ASA) risk score as ASA 1 or 2 versus 3-5.
Facility Characteristics. We considered the geographic region of the facility (i.e., Pacific, Atlantic, Southeast, Continental, Midwest) and whether the procedure was performed in an ASC or not (Department of Veterans Affairs 2013).
Postoperative Admission. We examined 0-to 7-day postoperative outcomes for outpatient surgeries; this included any admission that began immediately following an outpatient surgery. We assigned patients to the first admission outcome that occurred and did not double count admissions (i.e., a same-day admission with another admission in 1-7 days would not be counted twice). We used the 2014 Clinical Classification Software (CCS) developed by AHRQ to group "clinically meaningful" International Classification of Diseases (ICD-9-CM) diagnosis codes from the CDW Inpatient Table into reasons for admission (HCUP 2015a) . The CCS is used to identify reasons for inpatient care (Elixhauser and McCarthy 1996) .
Analysis
We modeled admissions after outpatient surgery for the following highvolume surgical specialties: general surgery, orthopedic, urology, ear/nose/ throat (ENT), and podiatry. We used the NSO CPT classification system to group CPTs into surgical specialties and then validated the categorizations using the clinic associated with the workload from the CDW Outpatient Table and , to the extent the data were available, the surgical specialty listed for the provider in the CDW Surgery Table. We conducted chi-square and t-tests as appropriate to compare predictors for the outpatient surgeries with 0-to 7-day admissions to surgeries with no postoperative admissions. We used the ICD-9 code for the postoperative admission to assign the CCS groups. The CCS groups identified any postoperative complications, observation/aftercare diagnoses, and admissions with a diagnosis code similar to the outpatient procedure, such as a CCS hernia admission following a hernia CPT-coded procedure (map of ICD-9 codes to CCS groups is presented in Appendix SA3). Lastly, as a sensitivity analysis, we examined the change in admission rates for each specialty if CMS data were not included; admissions were defined up to 14 days postoperatively, or same-day admissions with lengths of stay <48 hours were excluded. We estimated separate multilevel logistic regression models for 0-to 7-day admission in each surgical specialty using the predictors described above and controlling for facility random effects. We did not control for patient effects nested within facility effects given that most patients had only one procedure in each specialty sample. Omitted categories in the model included male, unmarried, white race, ASA risk 1 or 2, Pacific region, hospital outpatient department, and the lowest quintile of the continuous variables. According to guidance from Peduzzi et al., if necessary we removed variables from the logistic regression models to maintain a ratio of 10 events per predictor (Peduzzi et al. 1996) . Analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA).
RESULTS

Patient Characteristics
In our sample of CMS and VA dually enrolled patients aged 65 and older, 2 percent were female and 15 percent were minority race. About 60 percent were married, and the average age was approximately 70 years. The majority of surgeries were in the general surgery, and orthopedic and urology specialties (87 percent of the sample). Detailed sample characteristics are available in Appendix SA2.
Postoperative Admission Rates and Timing
We identified 63,585 outpatient surgeries carried out in one of five specialties in VA surgical facilities between October 1, 2011, and December 15, 2013. Admission rates varied across specialties with podiatry and orthopedics at the bottom at 5 percent and 6 percent, respectively, and ENT and urology at the top of the range with 26 percent and 28 percent, respectively. General surgery had a postoperative admission rate of 14 percent (see Table 1 ). Admission rates were unchanged when admissions from CMS were excluded; only 97 admissions were detected in the CMS data. When admissions through 14 days were included, rates increased by 1-2 percent across specialties. When sameday admissions with lengths of stay <48 hours were excluded, admission rates dropped to 2-4 percent.
Same-day admissions accounted for the majority of admissions with rates decreasing over the 7-day postoperative period (see Figure 2 ). Between 57 percent (podiatry) and 60 percent (ENT) of all admissions occurred on the day of the surgery. The timing of the postoperative admission did not vary considerably across surgical specialty with the exception of podiatry.
Postoperative Admission Reasons
The CCS reasons for admission varied across all surgical specialties ( Table 2) . Complications of surgical/medical care, complications of device (implant or graft), and other aftercare were listed among the top reasons for admission across all specialties. We also found that in most cases, the postoperative admission was coded with a CCS reason related to the CPTcoded procedure. For example, the most general surgery cases had a CPT code for abdominal hernia (35 percent), and in 70 percent of these admissions, hernia was the most commonly listed CCS admission diagnosis. Likewise, 31 percent of urology surgeries with a postoperative admission had a CPT code for a prostatectomy. Of these, 68 percent had an admission diagnosis of hyperplasia of prostate, a condition that is associated with the procedure. Overall, we found 6 percent of admission diagnoses fit the CCS category for "other aftercare" and 4 percent were coded with the CCS category "complications of surgical procedures or medical care." A list of ICD-9 codes matched with CCS label by surgical specialty is available in Appendix SA3. 
Fitting Models
We were able to fit multilevel binary logit models for each surgical specialty predicting 0-to 7-day admission; c-statistics ranged from 0.81 (general surgery, ENT, podiatry) to 0.86 (urology; see Table 3 ). Compared to the null models with only the outcome and facility random effects, the models with all predictors had lower covariance parameter estimates and better model fit across all specialties. Sample size and the number of facilities included varied due to specialty provider availability across the VA.
We had too few admissions in the podiatry sample to retain all the patient, procedure, and facility variables used in other models. We selected area level per capita income, distance to facility, and geographic region for exclusion based on the fact that other variables reflected related concepts in the model. There was little variation in RVUs across podiatry cases, and we 
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Notes.
Data from October 2011 to December 2013 VA outpatient surgeries among CMS and VA dually enrolled patients age 65 and older. Model controls for facility-level random effects. Table excludes the following insignificant variables in the model: patient sex, race, and the geographic location of the facility. Bolded cells indicate significance at alpha = 0.05. *The podiatry model had too few outcomes to support including every variable and distance to facility, geographic region, and area-level per capita income were excluded. There was little variation in procedure RVU in this specialty, and we collapsed the higher quintiles to create a binary variable with RVU 0.5-4.62 as the control versus RVU 4.63-14.65. ASA, Anesthesia Risk Assessment; ASC, ambulatory surgery center; CI, confidence interval; OR, odds ratio; RVU, relative value unit.
[Correction added on 20 February 2018, after first online publication: in the first column of collapsed the higher quintiles to make a binary RVU variable with the lowest quintile as the control.
Significant Factors Associated with Admission across Specialties
Patient, procedure, and facility characteristics associated with postoperative admissions varied somewhat by surgical specialty. However, some common factors emerged: patients with high numbers of prior visits and hospitalizations or procedures with high RVUs or performed on patients with high ASA scores all had higher odds of 0-to 7-day admission. There were also some similarities in predictors of admission for general surgery, urology, orthopedics, and ENT procedures: being married or having surgery in an ASC was associated with lower odds of an admission. Patient sex, race, and the geographic location of the facility were insignificant in all models. We found mixed results for age, per capita income in the patient's area of residence, distance to VA hospital, and area-level hospital bed supply. There was also little consistency across specialties in the odds of an admissions based on comorbidity risk score.
DISCUSSION
In this study, we identified 0-to 7-day admissions following elective outpatient surgery in five high-volume surgical specialties (general surgery, orthopedics, urology, ENT, and podiatry) in a large health care system. Our findings on the reasons for and timing of admission between 0-7 days across specialties showed a high proportion of same-day admissions coded with a diagnosis that was likely related to the surgery. Overall, the 16 percent admission rate for VA outpatient surgeries performed on CMS and VA dually enrolled patients age 65 and older is higher than rates for other patient cohorts (Greenburg et al. 1996; Mezei and Chung 1999; Fleisher et al. 2004; Khan et al. 2005; Mull et al. 2013) ; however, the finding that general surgery and urology had among the highest admission rates and orthopedics the lowest is consistent with the literature (Coley et al. 2002; CMS 2016 ). Higher admission rates for VA patients may be explained by a number of factors. Compared to the private sector, VA health care users have greater disease burden and mental illness, consistent with the high ASA scores and comorbidity risk in our sample. Furthermore, there are comparatively fewer female patients in our older Veteran sample compared to the CMS population (Hynes et al. 2007) . It is possible that coding errors led us to conclude that planned inpatient procedures were actually same-day admissions following elective outpatient surgery. The difference in readmission rates in the VA may also relate to the practice of keeping patients for observation. VA providers differ from their counterparts in the private sector with respect to rules around observation stays. VA providers may be more likely to plan a procedure on a more medically complex patient as outpatient with the goal that the patient returns home on the day of surgery but the option to admit the patient or keep him or her for observation if recovery is slower-without financial penalties for this choice. With a similarly complex patient, a private-sector provider may decide to admit the patient at the outset and avoid the risk of a postoperative admission. While our data show the range of RVUs for procedures performed outpatient and the patient's ASA score and comorbidity-based readmission risk, these data are not available in the private sector to examine this explanation for higher VA admission rates; however, this information could be useful in determining which procedures and patients should receive care in the inpatient versus outpatient setting. This is consistent with our finding that 6 percent of admissions were coded as "other aftercare"-private communication with a senior VA coder explained that these codes are given when a patient had a successful surgery with no complications, but required inpatient care to fully recover from surgery. Lastly, given the strong negative association between marital status (i.e., being married) and having surgery in an ASC with postoperative admission, it is also possible that admission rates were driven by lack of social support and/or the availability of an overnight bed.
Our logistic regression models evaluating admissions and patient, procedure, and facility characteristics had excellent model fit. Variables included were hypothesized to be relevant to postoperative admission given our conceptual framework and the surgical quality literature based on the Donabedian model (Donabedian 1980) . We observed variation in the patient characteristics associated with postoperative admission and more agreement between specialties for procedure characteristics (i.e., high RVUs and ASA scores). Our results provide new information on postoperative outcomes following outpatient surgery in the dually enrolled older Veteran/CMS population and highlight the importance of not relying on single models or a few characteristics to describe complex phenomena.
Some have argued that admissions are an imperfect measure of surgical complications as they may reflect social issues that the medical system has little control over. Studies of reasons for same-day admissions suggest that some occur because patients do not have transportation or a caregiver available at discharge (Fortier, Chung, and Su 1998; Mattila et al. 2005; Shirakami et al. 2005) . These critiques may apply in the VA where patients are disproportionately at risk for insecure housing and absent caregivers (Department of Veterans Affairs 2016). With the regional budget structure in the VA, there is less of an incentive to discharge patients immediately if they do not have rides home or caregivers able to help them on the day of their surgery. We conducted a sensitivity analysis to determine the effect of excluding same-day admissions with a length of stay <48 hours and found a decrease in overall admissions from 16 percent to 3 percent. The CMS (2016) treats same-day admissions as important markers of possible surgical quality problems; our examination of admission reasons found that "other aftercare" was a frequent diagnosis classification, suggesting patients required additional inpatient care not attributable to a specific medical condition. We also found that if the patient did not have a spouse, presumably acting as the patient's caregiver, they had higher odds of an admission following all procedures except podiatry. Although these findings were not consistent across specialties, access to care also influenced admission rates; patients living far away from a VA hospital had lower odds of an admission and patient's residing in areas with more hospital beds experienced greater odds of an admission. This study was performed on CMS-VA dually enrolled patients who presumably had access to non-VA care for postoperative inpatient care, yet CMS admissions were a very small proportion of the overall admission rate, suggesting that access to care for VA patients may still pose a challenge. Patient characteristics including marital status and geographic residence cannot be altered by the medical system; however, they may inform the surgeon's preoperative decision of whether to perform the surgery inpatient or the postoperative decision to keep the patient on observation status. Our findings may guide facility-level quality improvement efforts toward improved postoperative support services; however, they also highlight the limitations of postoperative admissions as a proxy for surgical quality measurement.
Although we found few admissions diagnosed with potential quality problems, these cases are still important and may be used to target safety and quality improvement efforts. Both VASQIP and NSQIP have lowered postoperative morbidity and mortality rates through standardized measurement and feedback that identify opportunities for improvement (Neumayer et al. 2000; Itani 2009 ); however, these programs lack a comprehensive evaluation of outpatient surgery and have had little effect on outpatient surgical outcomes (Raval et al. 2011 ). There were several factors associated with postoperative admission that present potential opportunities to improve surgical care, including high ASA scores or procedure RVUs and care in a hospital outpatient department compared to in an ASC. Perhaps more complex surgeries should be carried out as planned inpatient cases and more routine outpatient surgeries should be moved to ASCs. A comprehensive analysis of outpatient surgeries in a health care system, as we have carried out, can highlight quality improvement opportunities to reduce postoperative admissions; more robust data on true surgical complications would be necessary to fully develop these initiatives.
The strength of our research lies in the number and variety of outpatient surgeries and patient and procedure characteristics we used to model 0-to 7-day admission across five high-volume surgical specialties. We developed logistic regression models that accounted for facility-level random effects and successfully fit more patient, procedure, and facility variables than we have seen in previous literature on outpatient surgical outcomes. Furthermore, we developed our models based on a validated conceptual framework used in qualitative research with VA surgical providers (Mull et al. 2017) . The inclusion of admission data from CMS as well as variables from both clinical and administrative data provided a detailed picture of the risk factors associated with 0-to 7-day admissions within specific surgical specialties.
Our study has some limitations: Our sample of CMS and VA dually enrolled patients aged 65 and older is unlikely to match the patient population of most health care systems; however, the various factors associated with postoperative admission used in this study are not limited to VA health care. Future work should explore how these factors relate to admissions after outpatient surgery in the non-Veteran population. We may be missing variables like provider training and patient preferences for inpatient versus outpatient surgery that affect admission rates; however, the c-statistics for the models were all >0.8, suggesting excellent model fit between patient, procedure, and facility variables and the admission outcome. Although some proportion of outpatient surgeries are necessary first steps to a planned inpatient surgery (e.g., biopsies prior to tumor removal), some admissions were diagnosed as surgical or device complications. Complications of surgical care may present opportunities for quality improvement and suggest that large-scale studies of postoperative admission may have value; however, chart review is necessary to link the admission to quality problems during surgical care. Lastly, we looked at a 0-to 7-day postoperative period, with a sensitivity analysis to examine up to 14 days postoperatively, while other studies have looked at 30-and 60-day postoperative periods (Engbaek, Bartholdy, and Hjortso 2006; Majholm et al. 2012) . Like the CMS measure, we found 7 days to be an appropriate time period in which to collect the majority of postoperative admissions (CMS 2016).
CONCLUSIONS
Overall, outpatient surgery in five high-volume specialties in the VA was associated with postoperative admission in 16 percent of procedures performed on CMS and VA dually enrolled patients aged 65 and older. The majority of admissions occurred on the day of surgery, and only 4 percent were diagnosed with a surgical complication. Our findings suggest that many postoperative admissions are likely to be observation stays that are needed in order to determine the treatment of the patient postsurgery rather than quality problems associated with outpatient surgery.
